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fuels. Water solubility‘ measurefnents of ten relatively recent JP-5 fuel samples were
determined at 10, 25', and 40°C.

The water solubilities, on the average, were about 25% greater than that from
earlier literature data. This suggests that the increased aromatic content plays a part
in the increased water solubility.

The water solubilities were found to vary with temperature in accordance with the

Van’t Hoff equation as is normal with hydrocarbon mixtures. The straight line plots
of the logarithm of concentration vs. reciprocal temperature gave typical slopes and

intercepts.
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THE SOLUBILITY CF WATER IN CURRENT JP-5 JET TURBINE FUELS

INTRODUCTION

Hydrocarbon fuels contain water under typical usage conditions. This is
particularly true of Navy fuels which are frequently in contact with sea water.
The water in fuel consists of dissolved water and free water (1-4). Water in
jet fuels can be a serious hazard since it can freeze out in the fuel system
and result in mechanical difficulties in the engine, fuel lines, filters and in
other locations of the aircraft (3). In addition, free water is a critical con-
taminant in jet fuels because it plays a major role in corrosion and in micro-
biological growth. For these reasons free water is usually removed by a filter
separator (1). Dissolved water, however, may also be a problem because it can
became free water as water-saturated fuel is cooled.

o The amount of water which can dissolve in a given fuel depends on fuel com-

= position and temperature (3-6). Water is much more soluble in aramatic and olefin
campounds than in saturated hydrocarbons (6). Since 1953 there appears to have
been a slight upward trend in the aramatic content of JP-5 jet fuels (7,8), and
current samples show a relatively large increase. For this reason it was decided
to compare the water solubility of relatively recent JP-5 fuels with that previously
reported in the literature (3, 5, 9) to determine whether the increasing aramatic
content would make a difference.

SOLUBILITY OF WATER IN HYDROCARBONS AND FUELS

There are considerable literature data on the solubility of water in hydro-
carbons at various temperatures. Water solubility data have been reported in
petroleum fractions (5, 9, 10), jet and ship fuels (3, 5, 9), and in pure in-
dividual hydrocarbons (5, 9-12). The solubility of water in hydrocarbons is
not high for typical distillate fuels, varying fram about 35 to 400 ppm by
weight deperding on the fuel composition and temperature (3, 5, 9,). For pure
normal alkanes, ranging down from hexadecane to heptane, Schatzberg (11) found

- the water solubility to vary fram 91 to 54 ppm by weight at 25°C and from 136

s to 104 ppm at 40°C. Zimmerman (5) found that water was considerably more
soluble in benzene (using sea water). For example at 25°C, the solubility in
benzene, about 750 ppm by weight, was about ten times that of the average values
fe for the n-alkanes at that temperature.

ARCMATIC AND QLEFINIC CONTENT CF JP-5 JET FUELS

The maximum amounts of aramatics and olefins permitted in JP-5 by its

X military specification requirements (13) are 25% and 5% by volume respectively.
" Fram Bureau of Mines (7) and Department of Energy (8) surveys, as shown in Table
R I, the olefin content has averaged about 1.3% by volume since 1953, and has

shown signs of decreasing slightly. In any case, the olefin content has been
a considerably below the 5% maximum permitted. Although water is more soluble in
¥ olefins than in aromatic hydrocarbons (5, 6, 12), because of the higher concentra-
: tions of the latter in JP-5 fuels (4), the arcmatics would be expected to exert
. a greater influence on the water solubility in JP-5. As seen in Table I, the

»

aramatic content shows a slight increase with time.
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JP-5 JET FUEL SAMPLES

Ten representative current production JP-5 samples from nine different dom-
estic refineries were studied. In addition, a single shale derived sample (14)
was studied. For cawparison, two pure (99 mole%) n—-alkanes were also investi-
gated, n-undecane and n~dodecane. All the JP-5 fuels had been reported to have
met the specification requirements (13). The aramatic and olefin .ontents of
eight of these samples are shown in Table II. The data (except for J-22A) are
from available Navy inspection reports. The olefin content data are similar
to the data in Table I, but the aromatic content data are considerably higher
than that reported in the earlier surveys. The average aromatic content is
21.8% (for seven of the petroleum derived fuels) which is considerably above
the average in the survey data.

EXPERIMENTAL

(a) Water Saturation of Fuels - The fuels were saturated with water by
the static water saturation method used by both Schatzberg (11) and Zimmerman
(S). The fuels were treated by storing them over a layer of distilled water
in 4-oz glass serum bottles with tightly sealed serum caps. The bottles and
samples were sulmerged in a constant temperature bath (+ 0.02°C) for each of %
three separate runs at 10°, 25° and 40°C. The samples were kept in the bath !
without agitation for seven to ten days. This period had been found to be ;
sufficient by Schatzberg to attain camplete water saturation (11). i

(b) Sampling - Twenty-ml samples were taken by means of a 20.0-ml hyper-
dermic syringe and needle. Dry nitrogen pressure applied by means of a second
needle through the stopper was used to reduce sampling time. The technique
is the same as used by Zimmerman (5), but nitrogen pressure was used instead
of air. The syringe and needles were precoated internally with a silicone fluid
to prevent loss of dissolved water from the fuel sample to the surfaces of the
syringe and needle.

(c) Water Determination - The water was determined by means of Karl Fischer
titration method similar to that of the ASTM D-1744 procedure (15). The samples
were titrated autamatically to an electrometric end point. Water concentrations
were converted to parts per million by weight using average densities (13, 17)
for the JP-5 samples and literature values (18) for the two pure n-alkanes.

RESULTS

Results are shown in Table III. The experimental water solubility data
(C, pem w/w) at 10°, 25° and 40°C are shown on the left in the table. Averages
of the results of two of the three individual determinations are shown in the
table. The average deviations betwean individual determinations and their aver-
ages varied from +0.2% to +5.4% with an overall average deviation of +2.2%.
Data for each sample were plotted on a standard semi-logarithm plot (In C vs L/T).
Since all the data fell in a relatively narrow range, it was not feasible to place
all the data on a single plot. The data for three selected samples are shown in
Figure 1. Sample No. 80-5 represents a relatively high water solubility fuel;
80~14 a low solubility one; and 80-10 a fuel which was close to the average of the




Table I - Average literature survey data of aromatic and olefin
content of JP-5 fuels (4,7,8)

Survey Period Aramatics (% v/v) Olefins (% v/v)
1953 - 1960 10.1 1.9
1961 - 1970 15.1 1.4
1971 - 1980 16.1 0.9
» Table II - Aromatic and Olefin Content of JP-5 Fuel Samples
: (Navy Turbine Fuel Test Inspection Reports)
NRL No. Aramatics (% v/v) Olefins (% v/v)
- Military Spec.
MII~-T-5624L (Max.) (13) 25.0 5.0
’ 80-5 23.9 1.5
80-6 22.1 0.5
80-7 22.6 0.9
80-10 23.4 0.1
80-11 21.8 1.9
80-12 20.0 1.3
80-14 19.0 0.5
Average 21.8 1.0
J-22A% 24.0 1.6
o * ~ JP~5 fram Shale-II program (14); data by private camwmnication from
L4 Naval Air Propulsion Center
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Table III - Solubility of Water in Jet Fuel Samples at Three Temperatures
-- Concentration (C, ppm w/w) vs. Temperature (C°) —

NRL Experimental Data Slope* Intercept* Averaged Data*
No. 10° 25°  40° - b 10° 25°  40°
80~5 60 101 172 3110 15.07 60 105 172
80-6 50 96 162 3478 16.21 51 95 166
80-7 50 92 176 3714 17.01 50 97 175
80-8 a4 91 167 3945 17.72 a5 9% 171
80-9 57 86 167 3162 15.16 55 98 160
80-10 54 97 164 3284 15.59 54 98 166
80-11 58 96 175 3256 15.34 57 102 172
80-12 57 105 171 3250 15.53 60 104 175
80-13 50 107 172 3663 16.88 52 101 181
80-14 53 90 147 3014 14.62 53 92 148
Average 53 96 167 3388 15.93 53 98 168
Minimm 44 86 147 3945 17.72 45 91 148
Maximm 60 107 176 3014 14.62 60 105 181
J-22A%** 43 99 170 3682 16.91 50 97 175
n-C,.H., 33 66 115 3694 16.55 34 6 18
n—C%éHgg 33 65 109 3536 16.00 34 64 112

* - Calculated by Linear Regression Treatment, where Ln C = m/T °K + b.

** - Jp-5 from Shale-~II program (14).
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ten JP-5 fuels. Data for n~undecane, n-dodecane and the Shale-II JP-5 (J-223)
are plotted along with the average data for the ten petroleum fuels in Figure 2.

It was found in almost all cases that the data fell on straight lines. The
slopes (m) and intercepts (b) for these lines are shown in the table. The slope
and intercept data were calculated by a linear regression treatment, as were the
"average data” on the right side of Table III. The average deviation between the
experimental values and the linear regression data ("Averaged Data" in Table III)
is about +3%. The straight lines plotted in Figures 1 and 2 represent data ob-
tained by linear regression, where ln C = /T °K + b.

CBSERVATIONS

Several observations may be made fram the data in Table III, and Figures
1 ard 2:
(@) The solubility of water in JP-5 fuels increases with temperature in
accordance with the Van't Hoff equation (5, 12) yielding a linear plot when 1n C
is plotted against 1/T °K.
(b) The data for the ten JP-5 fuels in this series of tests fall into a
relatively narrow range.
(c) The slopes of these graphs are negative, and both the slopes and
intercepts show considerable variation between samples.
(d) The data for the Shale-II JP-5 (J-22A) match that of the average
data for the ten petroleum JP-5 fuels. "
(e) The water solubility in the two alkanes is less than that in the
JP-5 fuels, but the alkane slopes and intercepts are within the range of the
ten JP-5 samples. !
(f) The water solubility in n-undecane is only slightly greater than :
that of n—dodecane.
. (g) The water solubilities in the two pure alkanes at 25° and 40°C
agree within experimental error with Schatzberg's data (1l).
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COMPARISON OF NRL DATA WITH OLDER LITERATURE DATA

Figure 3 shows a comparison of this data with that of older literature data
=4 (3, 5, 9) for water solubility vs. temperature. Two envelopes of data shown in
v . the graph represent maximumn and minimum ranges for both sets of values. It can

- be seen that the current data are higher than that of the older data. The average
(median) value of the current data is approximately the upper limit of the older
solubility range. The median value of the current fuels shows an approximately
25% average increase over that on the median of the older data. The greater solu-
bility of water in the current JP-5 fuels appears to be consistent with their
increased aramatic content.
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SUMMARY AND CONCLUSIONS

A study has been made concerning the water solubility vs. temperature for
current representative JP-5 fuels for comparison with that of older literature
data. This study was made because it was believed that the higher arcmatics ]
content of current JP-5 fuels might result in higher water solubility. Water .
determinations were made by the Karl Fischer method on fuel samples which had
been saturated with water at 10°, 25° and 40°C. The water solubility in current i
JP-5 fuels was found to increase with temperature in accordance with the Van't ~
Hoff equation in the same mamner as in pure hydrocarbons and other fuels. Slopes
(m) and intercepts (b) of the lines formed in plots of Ln C vs. 1/T graphs were
used to obtain averaged data for camparisons. The higher water solubility in cur-
rent JP-5 fuels appears to be consistent with its higher aramatic content.
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Fig. 3 — Solubility of water in JP-5 fuels — current data vs. older literature data (3, 5, 9)
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